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m m W 

[0001] ;£389if3u I^7^A7^t7^!j (magnetic random access memory : 1^T> r 
[0002] MRAMte, m-Mm^^^mvm, JLo, ^Jte##^lHlScS:^ri-5W^ 

[0003] a^SfiSSUSfctam*, ifcVH£7*-*£> &&tt<U£<z>tt 

So 

[0004] l^i^^f-^^ftE^tl, a^ffigLsg^Wjfi^^KJtbtb^SBjSi 
[0005] MRAMCDm*m^£»J^-6f'#> fc, g * 3ll«ttJlO«'f bS:S(B$*5««t ( 
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-TSo 3— ^£#X.fcMRAMte x Mx.tf, #M 2002-1 10938-§-4*$R % *B#fR& 
#^6, 211, 090-*§\ #^2002-522915-^-^, #M^9-204770^#iCM 

[0006] ^r<D-^T% «§ji^SM^^l(cig;^i-53-^«, -^^^^M^^J:^, ^ 
[0007] I2I35A, 35Bit, MmfoteMRAMtDm^&^-fo HI35A^^TV ^5J:5t-^ 

##&^m^;»£;fr3gfimoi^ x #^rp]^®#i-5J:5rattibtt, @aitio2 
^ y **^i^^^#-r^J:5^it^5o lEmoit@amo2^^i*-5{:m^ 

^M^^5?f^l03^1£ttW5 o 035B^£*VCV^J;5^ 3— ^104(i, ga^i 

[0008] 3-^104^. mmiOl<DmmzttJfclsfcMW%^U ££o-C, IBi§£l01^Mf§:£ 
tv5^rn]tCj:V^^{C^^tl5 0 r<D«t5^3— ^102O^m^tt«, 3—^10 

4<z«b£ > ia^ioi^^$tv5^^^[p]^i-<i-5o sa^ioioiiiM«^^^ 

tt^fJif. 3-^104(D^^t£^<^«9, 3-^104O^t:{i@E^101^1^ 

[0009] 3— ^i04«fb^. ia^ioi^^ : $tt6^'[R](c:[R]<ri^j:'9 x 3— ^i04<Dx$ft 

^•[p](o^i04a^«M^^$^ o r^iitt, mmoiftmm&tittm^ 

y<4T^m^^^^o IBiHl01<7)*:$^i00^m, [frl^l^m, J?£^0. 3» 
mt*^ 3— ^104<^J¥$^50nm-efe"9 > 5.oNiFe^^c$ttTV^^LJ;5o 
*§-g\ 3— ^104<D^104a^£C5$iffi^<£*9, ^104a#^;&tt£;ft,5/WT*$£ 

SBiHl01(Z)^^C0x$ft^|^^Sgil^i0Mm N mMl01<DJ&m*b<D$£Mfc 
0. 1 /zm^fo^{ie^*5V>T, x|ft^-f6]raiO(Oe)(D^^-r^o 

[ooio] 3— ^m^-r^^T^mm-i. MRAM©i^m^ ^^#^^-r 0 asim 
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fix m^^mm<D^-^^^<u #*l<&v\, 

[0011] ^ig^^-^aM^'l4(D^fR]^ % 3-^^tt5/WT7l#©* 

v\ 

[0012] 2002-299 574^&|g, 2002-280526-^-^^, #HH 200 1-273 759 

#fF;£itfcl : #IB2002-1 10938#^ 
#fF^2:^H#^$Rm6, 211, 090-^- 
#f*F J»3 : #^2002-5229 1 5^$S 
#fF^cm4 : #M¥9-204770^# 
#fFJCi^5 : #|B2002-299574^-^ 
IfrWFJcm : #fH2002-280526-§-2?# 
#fF;«7 : #M2001-273759^# 

[0013] ^igo @ m*. mm.m.mm^m^m^^tc^mm^mfhtitc3- 

[0014] -(DiLft^SlvT, ^mm^X^>MRAMi^ ^1^^%^^^^^ 
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27[R]tcMiS!£*vo^o mMtnmmmjimi-kiLs mmm&tfcm+ts *~?m<r> 

[0015] mnmjjVkvmm^ mz.tz. mim^mmi-^wm^^xmm^fm^o 
[ooi6] m^m^^^x, *mwK&z>MRAM\-z, mmmam^k, m%mKm=^\^ 

[0017] .wjyfrft tuiE^Mj^]«5t^«, ^la-^s©^, ffi.nmm.m+tfD 

[ooi8] %mMRAM<Dm&j:M*ffimk~tz>tMa^ ifiitMii, w&te&m 
?<D^te<kh-ut&m<Dmmmm*mi-z^tmmx&z> 0 
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[0019] MmMARMte, H^, ^mMRAM\Z.^fl^±X<Dmm^im^(Dy'—^ 

wm^w-t^xmrn-r^o ^umt^-i-mt^ wt^mmtB-^mtm- 

[0021] ^fcfettt, a— *«i«tt#jlfc©flMfcW:, ^fBj^iPjv^v^^^ji-e 

timmx*&z 0 

[0022] SRMRAMis, JEte, «f|E»l^lRl^3Eia:*^fc*2Elfti:, 

zmm&mmk* ma-m^m^k, m2B^m<Dm^k^mnm^^-t 
^2m^w-uuk^^kmmxh^ 0 zntttmrnn. mia-?m* m2-a 

*mfmw.m*Km&-rzzk&Gy}\z.&5±'*z>o 
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[0024] mmMtmwsMti-i. zti^ti, ^~x^tm^xm^tixn^^\ 3 

[0025] ^(Dm&, ymMRAMte N HJll, ^iatt#:gP*tt^2a^$P#^<Dffi^iS 

[0027] ymMRAMtfS, 3£fc, ^I^IrJ^SH!*^ ^lgffi»^l^lRl^*3V^»^i- 
<^B©^/j:<^— «Bfc««i-S*2a— ^JifcSra^rv^*^, Sg23-^Jlte 

<o s ±m<vMftMmmmfctvxmmi-%^bft-^mx&z 0 

[0028] Ht^©«^^*5V^T % W:SMRAMW:, igm*££air^i:, BSfttiSft* 

ni&m.m^<D^mmmmmm^Ri^^^um^^m^tix^ 0 
~m(om^hm^m%w^mi'(D^mtm^^bK^^B-m(om^ 
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^n^bK^,mi^-^m<Dm^±c^mmtmnn^m^Km^^mm^ 

[0031] SiMRAM^, mz&k<D%:thZ:fo(D'l?t£<bh— ^m§.'fZ>W,2*—'?m : *:^ 

ll^|i$^6^i^J;^,^23~^jiO^^^C^M«^^^^^$^ 
[0032] #JLKlfftW£;tvCV^J:5te, ««t«trt*^m«#SJI1'$*57t«)m 

&w&nttfc.bb<D&m&mi&-rzz.bti*x*%z>o 
[0033] *mw\z£ZMRAM<Dmm<Dmiwm%7ik-$-±.ffimxfoz> 0 

[g|2]|2l2{i > ^^Klil«tSMRAM©^ffi©^l7^11B^"f _ »f®0"CfcSo 
[[H3][ll3(i, *^BJ^J:6MRAM(D||^COmi^€r^:-rSff®ll|-efc^c 
[MIE|4te, 1tZ£ZMRAM(DnM(Dm2mi&*7F-$-±.ffimXhZ) 0 

msmsfe, Kx^MRAMfDrnmo^mm^-rwrmmx^o 
m7M7^mnmmmmm6(Dftm&^i-mx3bz> 0 
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[[gi3]Eii3«, mm<Dm2mm<DMRAM<D^\zm<Dmwm*^mmmxibz>o 

[[Hl4]|E]14teU |ISg(Z)^2^(DMRAM(DM^teO^W!)^t-¥®ll|-CfcS 0 

[iai5]iiii5«, mM<Dm2mM<DMRAM<DMKm<D^mm%^mffim^$bz> 0 

•So 

[®22]Ill22«, K £%MRAM(DmM&m4mWi%:^-tM&mX*fo%o 

m2zm23n,^mK^MRAM(Dmm(Dm4j^m<D^mm^irmmmx^> 

[®25]|l|25{i, *3£W KX&MFLAMCDmmcDmiMMcDm^j&M&^l-^mm 

[E!27]027{i. ^0J}cJ:6MRAMW|IM^^4^coM{^w^^^t-Klr 

[|I|28][2I28{^ ^!^^J;5MRAM(Z)^(D^4^©M^f&^»^!J^-r¥ 
[HI 29] 02 9(3, ^0^{Cj:SMRAM(D^ffi(7)^4^OM^{til(D^W!j^-r¥ 
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[03111331 tt, MM<D^5&m<DMRAM&7F-$-mffimX'&>Z> 0 

[032]ni32«, mm<Dm5mm(DMRAM<DmmM&7F~rMffimx'&>z> 0 
[gi33][gi33«, mm<Dm5mm<DMRAM<Dm&m$:7f:-r¥ L mmx'hz> 0 

[|334][ll34{i, *mwiz£zmM(Dmmn(DMRAM%^¥ffim'r:hz> 0 

[H35A]|l|35A^ s &&(DMRAM%^~fWTmm-V&Z> 0 
[®35B]|H35Btt % ^5fecDMRAM^i-®f®IlI-efoSc 

[oo34] sir, mMmm^mv^h, ^pitj:5MRAM©»^i^0^t5 6 
[0035] mmcDmiMm) 

mmcDmiMmxi^ nu^^ti/cv^?^ ±«#&^iEmiasx##ft^ 

mmm 1 3a^@^5sattii \3ht, znb<Dm K^-^titc^— v-m 1 3ct* 

^A,T«J&£tvr^£ 0 g |£MttSl3ate, ^^^^)B16^U-C±»#3A 

±iz.jtm£ti, rm^^mmi2Kmm l m^m^tix^^ 0 mm.^mm^i3<D 

y^^ii^m^nhthx^^ 
[0036] m2tz7jk£nx\s^£o^ ±m^^mmim, mvt<D±.ffiRmMMn. 3—? 
mi^x^xwm^ti, 03^^tv^j:5^, Tm%^m$&i2(Di&mRx$ 
mmte, 3—?mi5fc£.^x$i$i&tiz> 0 a— ^®i4, is**, nh, m%m-y 

fp]^*5^^i4a, i4b^ N ±m^^mmi 1^1 ia, nb^^-^^es^ 
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[0037] 03^£tvTv^>J:5^ 3— ^JSi4fi, *<DJBMfcft2M4fc,fc0, xfi*^]i;/W 

[0038] 3—?m 14©«Sl4a, 14b^*^«««^xtt^|^fcifa»ti-SaM?-W:, 3— 

14©8Bl4a, 14bfci£l ^»«ft*^13^|E«$tl,*^-^©fl!«SLfc*H-S» 

3-^Jf 14<Z)#gl4a, 14bJ&»fe®IE|ftj&$j!rVS3^»l\ HKl, *>5fl££tJS; 

Hx*S3*V>fStVh§<^5o 3— ^J114(DCl4a, 14b&£i£^f3:t\ i&Mffifct 

[0039] 3-^gl4(D^14a, 14b^^OEEHI^3£V^^^:m^l3(D|^gL{CMi-5 
HSttSr«»i-5fe«>^, 3-^Sl4tD^14a, 14b^£V^^£^f^l3(BP^ 
±*#3&^BBjHll©«Slla, llb^3£V^^fei^l3)f*, «Sl4a % 14bd>e>5S 
V^&«tfc3(F?-13.fc«JtK 3ftv>««*^rtt3as#.^.fett5o £V&¥#)\zm$L+tU-£ 
, fe^M^m^-13^MS*-'l4^, 3— ^Sl4©20«Sl4a, 14btf>5^, 
^^^^13^ifiV^^^^^m^^^^UT^^^m^ti*Pt-5J: 
5^*^tt5o 3— ^«14C5«8l4a, 14b^i£V^m^fei^^l3^^^^ 

[0040] 3-^JSl4<D#£l4a, 14b^j£V>«^5SV^^^'(4^mffi^t^l3{c:-^^ 
fc&M, 01^$nTV^J;5^, 3-^Sl4W^14 a> 14b^i£V^^t£^^l 
3te N 3—^Sl4©«jSl4a, 14b^^atV>a^^i^l3J:i9 1 bytt^fS]^*<^ 
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XXmm+l 3©IK«JtRSrTflB^: : 
R=L/w, 

Jil40>«&14a, 14bfc:*ka5l^^^[?^13tt % *(0»«M:RjftS, f&tf>«BStJg 
^^l3(D^itRj;^^#<^5J:5^?f^^?f^$tLTVN5o fcfcU flSS&Jftfci: 

-iMll3c^ % g S3ftaSH4Jii3afcS^-t"5®©DBjBlf)tt, v >-f JiiDl^if 

[oo4i] ^.(dx^ ^mm^mrnxn, B-^mi4f)^m^mz^-r^<^r^mm^ 
7K^«^t5o m%Wsfm^23\^ ^^m^mm^n^^tmmmm 

[0043] E5^£;ft/-Cl^J;5^ ii*#&^gSiSi21<^iiffi<MiliJffi£:«:, 

Ztltcs— ^B24-?|£«£*l5o I16^£*LTI^J;5^ 3— ^S24<^24a, 24 
bfi, ±#£52^gE|S|2lc«21a, 21b^^^tUi«^UTVN^ 0 x$6^[r]^ 
VN3 _^ S2 4c7)?f^«. 3— ^®24(D^^x$i^rS]^l^/5^, 3— ^Jf24^x$i 
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[0044] mm^, rm^^nm22(D}&mt^mtn, mm&ftxmf&zntcB— ?m25 

— ^S25(D^^^y$ft^'fSl^f6]75^, =i—?m25lZ.y$&jjfi](D/<'(T*m$f-%?&£. 

[0045] 04i^£;ft,TV>5«l:5fc:, a^^^^-23T'«^$tL5^^yir^T^^xy^ 

*VTV^ 0 05^$^TV^j:5{-^ a^^t#it#:26fi, ±#t3A^ga|ft21(D 
T»#^^SaH22<7)±^^^^TV^o 06t^$nTV^J:5^ 

, S^ttf*^^^ ±m^^mB21(D^21 a , 21b 3-m24(Dt$i 
24a, 24b)M^,f£^C^^-23COrWiWF H ^ii^bTV^ 0 

26te, BiS^^^-CV^^t, T#tii^@a||22(D^22a, 22b^^,^fei^^- 

23<DTu^t(Dm^mmL-x^^o ^(D&mm^m-r^mn.mmmm^en. a 

-^Jl24S.^3-^g25^^i-?)/^T^#^(Drt§|5^^U ^-fT* 

Q\^m%n^m^23\z.m^n^^r^m^mm^wpir^ 0 
[oo46] m%mKm^23\z.m^ti^4r^m^xy)m^ir^tMa^ mnmrnm 

^#26^ ±*£&^-ISil21<«21a, 21b&t/T»£&^lfi$l22<D#&22a, 22 
b\?LMlsX£iKt£Z>&oK^ E.o, ±##^^.|aH2lS:t^T*^^^iail22{^b 

-c£4#> \z&m*z> \mf&ztix\, ^tmmx&Zo ^<D£ofmnmmmm 
fc26<Dmmn. B—?m24&UB—?m25&m%.-rz><>^Txm$?-%. xv^<m 
nmmm^w-26<D^nKmm^. mnmfim^-23\z.m^M^T^m^(D 

W>\^$)X&Z) 0 

[0047] Mx.fi, 07{^£il/O^5<£5f-, aMM«a£{£26<Z>5^£B#26a, 26b<7) 
mMzh^^^X^m-rZc ^-fT^#Hte, §(5#26a, 26b^fpJ^^^f^^^P 

^-f-J:5(v:geiS:^tT,fc^-efc'9 > g|$#26a, 26bte, til ^m, J¥£50nm<Z)NiFe 
XMf&£tlX\,^ 0 /<4TxM$f-HCDTMM(D^ g|S#26a, 26bfab<D$£m 3*3 ju m 
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[0048] ^»7£fi^£>V^ ^^^t#3t^26^^^^^-23cD/>^<^— 35 

[oo49] 3£^njteo^fl8^*5v>x, B8i^&ivtva«fc5^ mnmmmmme^ r 
##jA^@fiit22w±®^^bTise$n^o mm.mmmm^2 
6tm^mm^23<D^tj:<th~^tm-<Dmmmmxm^ti. jlo, am© 

%mffimmi£26&TW$i&&nm22(D±mzm&vxffim£fr%Wr&, 
&tix^z>£?K, mn,mmmmw26^ Tm%^miWk22(Dm\utM.-rz>*vyh 

</h£<»wrftSo 

[0050] hic mio^§n-cv^i9^, m^mmmmw26n, ±»#&^gaH2i^T 
(D^t£<th~ntm-(Dmmmmxm^ti, jio, «&«g£i;#^-23#_L##3& 

*IJs*26dfc:«fc!K »»i"*Ji*#5i^Sa«l21©M©j|6|»iS»yttLSo ^y^h26d 
±#%^^BBilft21wWo^dWc^^lST^S-<</J^<^(^So 
[0051] Sf-^JfeCOJf^^V^T, H^, 012, &t^iai3^$tbTV^«fc5^x ^ 
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%mmmum27Rx?B~?m28n. xm^m^mmsti. m%mmmmm29Rxy- 
3-^30^, ymj?mzMWitstiz> 0 mn,mmmmB27 > 29^, m%w.tn.m^-2 
3^-?%m%&&tMzn@im£tifo\ mm>mmmm27, &t>*3-^ji 28 
mi2^7jk£tix\,^£.o^ ±m%i&&mM2iRx$=3—?m24bm— <o%ffi& 
io, rm^^mm22(D^22a, 22bt±m^^mm2i(Dr^t(Dm 

Tm%i&wm22RnB-?m25tm-<Dmm*^u to, ±m%&^mmi 
o^2ia N 2ibkTW^&mm22<DTu4 t<Dm^m-f btiZo m&mfRmmm2 

-^m24izx^xKm^^^th^<^r^m^^(D^mmmu m%n 

[0052] H^mfiK^^fig^^VT, B15m^&h/rvv5J;5te, tt&&WMfttfc2B\zM 

%.Xs B—m28x&mzftfcM%mmmmm27mm£n, hi-> mi6^$n 
T*mmmimfom*23izm&i-zzb%—m®Rmzffiik-tz> 0 

Mtll3tf£26£3-;?jl30£<D<£ffl«:> a— ^Jl24tU;oTxte#falz:£/&£;ft,5 

[0053] (^1©I3» 

mi 7^018^ *mw<DnM(Dm3mm\z&rtZMRAM%7F-f 0 mm<Dm3 
mzmm&ti. ^mcxv, mnmKm^m^fi^^r^mmm^fhx^ 
[0054] mM(Dm3w^mxn, mis^^nx^^xo^, mmRzj^±^B—^m42Kx 
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ztiZo m.m.m.fcmi L 45i)K ±m^^m4itrm^^mm42t^mi-^ 
[0055] mmc^tix^^o^ ±w%&&mM4i%$im-ftt—?m42<DmmRTf 
wx*fc&i5frtd&\kwm4sx*mB.i$frz> 0 mi8£#88L-c, m ! &wm4S(Dxmj5 

f^{C^nt^20CO^(i, 3-^S42(D20(Diffi^^^^{i«^ (aligned) $tl.5c 
, ^(D^m^%^i^\ fct, 3-^Ji42S^14^/i48^a'fbtt, ^ 
#:Ji48(Dxtt^rp]W^lv:a^^^$^5o 

[0056] mi8^#^LT, B—?M42(D^(Dmm*m\ti^&MmmmMfcm*4s\m 
ti\}&tiz>zt%P5<rcM^ -B-m42(Dm\m^ m'\±i^m48<Dmittm^m^m 
rtbtiZo mte, B-?m42(D-<ffi(DMmi)m£.istcM$?-<D&<z, M&i£m48% 
mcx3-?m42(ommzwm£ j £, B~?m42<Dm^c%mmfrijkm'rz>^4 
T*m^tm%m%m^45\z.mtefc^b*^mm<\ 

[0057] WzLlt, S—?m42fr50nm(DmFemX*Mf&&tl. ^tt#:Jl48;^50nm<DNiFe 

mxMf&zth. x^—vm47tiW£20nmcomBfcxmj&£tix\<^b-?z> o 

-£\ ^tt#:)l48^^^tt§-^^J;^, 3~?m42fc£^xmm&t?im^'45l<zF{] 

[0058] 3—?m42<Dm.fc$:, M^foM4S(Dm.ikhT£l3&\K&\rtZ>tz&\^ ^^—1^)147 
te, 3-^®42^t£#ji48t;»M^ 

&^xmm i &.mz.m&u%z> 0 3-m42tm^m48t(Dm(Dmm^fj:^n 

,3-^ji42(D^b^tt^ji48(D^btlW|-^[^^f^Jt^ie)^U<^V\ 

[0059] smiat, ^—^-m47^ 3—?m42bm^w-m48tti^m£^mafc<&~tz> 
j:5^tf$^ 0 ^-vm47<Dmtm£b&mmki-z>^t^£^xB-?m42 
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[0060] mmwbmmwbfD^-mxm^fh^bh^mx^ tctd 

[0061] a— ?m42<Dmik&, M'\£fcm48(Dmikkmxfatzfart&-k%&Bi^%fcfr 
m42kffi&fcm48b<DmMWtimt£ : 6zbfe, ^m^m^^xB— ?m*2 

bM&ftm48b(DM4b%mfo%\ l c-tZ)Z.b&-*smfc1-Z> 0 M*.&. B-?m42<DtfiM 

mh m&{*m48<DmtR&yi>*:^b\s£5o z.<ow&, 3-^®42»ttwi 4 

mz.fartZ>^btfM%& 0 
[0062] 3— ^g44, ^S49, ]RtflKteft:/i50t>, 3— ^Jf 42, f-Jf47, & 

tWKttfr»48fcR«JCfl|^$tt<5o Hl8^**t-CV^5^ T»#&^IE^43 

%w.m.~tz>3~?m44<DmffiRTf±mi-z, x^—u-m^-vwmzti, z<d^-v- 
m49<DmmRTf±mz. ^m^xm^ntcm^m^oxmm^Mo muz 

&Ml>X. SSH4^S50©y*ll^lRl^*5^*2o©jft«:, a— :?Ji44<E>2otf>*&£-£;h, 
•eWitffi^&ftSo y«I^I^^KStb^_b»#ii^EJ»41*tt[«-t-SH-^» 
44&U«£fls:Jg50ra\ *©^J|to&Sx*l#lRlfc:ftV\, ^ot, 3~^S44;&t»l£ 

te > m~?m44Rxfim&ibm5o<DyffiXfa(Dmzmm&ft±£Ttz>o 

[0063] |H18£#J$LT, 3-^g44(D»a*^^ c a^##^^^^^-45^R] 



WO 2004/114409 17 PCT/JP2004/008462 

m^xs—?m44(Dmmzmm^.3-?m44<Dmz^zMmtimmi-%MR 

*mm<m.mm*45\cmn£ftz^t%®$kmzffi<\ 
[oo64] B—?m44<Dmfc%, mmfcm^onmikbmxfaKfatfztcib^ ?-js49 
3-^m44tm^m5ot^m%m^mm\±i^m^^vt^^^ &miz 
3-m44tm&fcm49kfr&&M^i$-mz.ffi-&-rz>£o \z.mt £nz> 0 

[0065] ^®49{i > |fe^#:^^«#:^cDV^T^-e^$tlSr^BItg-Cfc5 0 fcfc 

[0066] a— ?m44<Dm.it&, m'&fcm50(DM4kb%mxmzfaif&^t%^^-tz ) tc 

#>Kl, 3-^g44»t4^Jl50t« > ^tlfe^feiW^W^S^^i-ISf+^ttSo 3 

m44bU'&fcm5ot(DMib$:mfa%i<z-tz>- 1% Bimiz-fz>c m*.&* 3— ^«44 
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